Accidental nasopharyngeal colonization of a laboratory worker by a human disease isolate of Neisseria meningitidis allowed us to examine the variation in expression of outer membrane components and the host humoral response over time. There were quantitative differences in class 1 outer membrane protein expression in nasopharyngeal isolates obtained at different times. Isolates also showed phase variation of all four class 5 outer membrane proteins produced by the colonizing strain. After colonization, we detected new host serum immunoglobulin G antibodies directed against class 1, class 5, and H.8 outer membrane proteins.
Accidental nasopharyngeal colonization of a laboratory worker by a human disease isolate of Neisseria meningitidis allowed us to examine the variation in expression of outer membrane components and the host humoral response over time. There were quantitative differences in class 1 outer membrane protein expression in nasopharyngeal isolates obtained at different times. Isolates also showed phase variation of all four class 5 outer membrane proteins produced by the colonizing strain. After colonization, we detected new host serum immunoglobulin G antibodies directed against class 1, class 5 , and H.8 outer membrane proteins.
Neisseria meningitidis is a gram-negative diplococcus that is an important cause of bacterial meningitis and fulminant septicemia (3) . A significant minority of the human population carries meningococci asymptomatically in the nasopharynx (3) . Because of some combination of host susceptibility factors and bacterial virulence factors, the meningococcus occasionally penetrates the mucosal barrier and invades the bloodstream, causing disease (3) . Meningococci display inter-and intrastrain heterogeneity in several cell surface components, which may contribute to pathogenesis or to evasion of the host immune response (1-3, 5, 8, 10-12) . For example, a single meningococcal strain can exhibit phase variation (reversible on-off switching of expression) and antigenic variation (expression of different antigenic forms) of the class 5 outer membrane proteins (OMPs) (1, 8, 11) . Crowe et al. studied carrier and disease isolates of the same meningococcal clone from different people during a meningococcal epidemic and found variation in a limited number of characteristics, including quantitative differences in class 1 OMP expression and expression of different class 5 OMPs in different isolates (2) . Other investigators have studied variation in surface components of isolates cultured from different sites or at two different times from individuals infected or colonized with meningococci (10, 12) . Here, we report a longitudinal study of variation in nasopharyngeal isolates obtained over 7 months after colonization of a laboratory worker with a well-characterized human disease strain.
Strain FAM20 is a spontaneous nalidixic acid-resistant mutant of strain FAM18, a serogroup C, serotype 2a human disease isolate (4, 8) commonly used in our laboratory. Among the OMPs expressed by strain FAM20 are the H.8 and class 1, 2, 4, and 5 OMPs. The H.8 OMP is a lipoprotein, the class 1 and 2 OMPs are porin proteins, the class 4 OMP is a reduction-modifiable protein, and the class 5 OMPs are a family of heat-modifiable proteins (5, 6, 13 E. L. Aho and J. G. Cannon, manuscript in preparation). One of those additional genes encodes a second MAb H.22-binding protein, designated class 5d. Neither of the MAbs binds to the product of the fourth gene (class 5c). Until now, the ability of strain FAM18 to produce class 5c or 5d proteins was inferred from the analysis of cloned class 5 genes and we had not isolated meningococcal variants expressing those proteins. A single meningococcus can express no or one or more class 5 proteins (1, 8) .
Over a 6-year period, the laboratory worker (LW) who had received the tetravalent serogroup A/CY/YW135 meningococcal vaccine had monthly negative throat cultures on GC medium base agar (Difco Laboratories, Detroit, Mich.) plates containing vancomycin, colistin, and nystatin. A recent routine culture showed light colonization (approximately 50 CFU on a throat swab) by a nalidixic acid-resistant meningococcal strain identified as FAM20, as described below. Laboratory strain FAM20 and the throat isolate, designated LW1, were both sensitive to 1 pug of rifampin (RIF) per ml, and standard treatment of LW with RIF (600 mg twice daily for 2 days) resulted in immediate clearance of his throat culture followed by two negative throat cultures at monthly intervals. All subsequent throat cultures have been positive (approximately 500 to >105 CFU on a throat swab) over a period of 7 months (Table 1) . Starting with isolate LW2, all subsequent isolates were resistant to 100 ,ug of RIF per ml, indicating that they were an outgrowth of a RIFresistant mutant from the initial treated colonization rather than a recolonization of the subject. Strain FAM20 and all LW throat isolates were gram-negative diplococci, formed oxidase-positive colonies, were resistant to 10 ,ug of nalidixic acid per ml, and produced the serogroup C capsular polysaccharide, as determined by agglutination (group C antiserum; Difco) on a slide. We examined the colonizing strain FAM20 and the eight throat isolates (LW1 through LW8) by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) of outer membranes (8) . The initial throat isolate, LW1, was virtually identical to strain FAM20 (Fig. 1 Fig. 1 and 2 ). Each protein showed phase variation of expression over time. Colonizing strain FAM20 and the initial throat isolate LW1 expressed only class 5a. Isolate LW2 expressed the three other class 5 proteins in addition to class 5a. In later isolates, class 5a protein expression was turned off, while the other three class 5 proteins showed increases and decreases in the level of expression over time. Since we have not previously detected expression of the class 5c and 5d proteins by strain FAM20 in vitro, conditions of in vivo colonization may have enhanced their expression in the throat isolates. The SDS-PAGE results reflect class 5 OMP production by a population of organisms and not necessarily the expression state of individual meningococci. The results of bactericidal assays with MAbs H.22 and H.21, which indicate the percentage of a meningococcal population expressing a particular MAbbinding class 5 protein (8), were consistent with the class 5 protein expression shown by SDS-PAGE and Western blotting (Table 2) . Isolates expressing either class 5a or class 5d or both were susceptible to MAb H.22-mediated bactericidal activity.
We did not detect changes over the course of the colonization in expression of the class 2 or class 4 OMPs ( Fig. 1  and 2) or the H.8 OMP by Western blotting (data not shown).
There was a host serum immunoglobulin G response to meningococcal outer membrane antigens as shown by Western blotting of denaturing gels (Fig. 3) 
